Objective: Despite completing accredited resuscitation training, neonatal trainees often feel unprepared to deal with real-life clinical emergencies. High-fidelity simulator (HFS) technology offers the potential of recreating a realistic stressful clinical environment to aid training and evaluation. To date, there are limited data examining the physiological impact of this training modality in comparison to less costly alternatives. The objective of this study was to compare the effects of low-fidelity simulator (LFS) versus HFS technology on performance levels, objective and subjective measures of stress in neonatal trainees.
Introduction
Within pediatric medical education a 'troublesome paradox' exists. 1 When medical crises occur, personnel are expected to perform at the highest level of competency, yet because of the relative rarity of such events, there is an inherent risk of staff being unprepared, hesitant, anxious and unable to function within the necessary team framework. Many pediatric and adult studies have demonstrated the effectiveness of resuscitation training courses, but retention of knowledge and skills appears to be a problem. [2] [3] [4] [5] Despite completion of these courses, trainees experience significant stress in real-life situations as they feel unprepared to deal with such clinical emergencies. [5] [6] [7] Increasing trainee numbers, decreasing training hours and an overall impetus to shorten training curriculum have all contributed to an overall reduction in clinical exposure. In order to address this issue, simulation is increasingly used as an educational tool. Simulation may facilitate skills training and 'stress exposure training', both of which have been shown to be important in the preparation for stressful events. 8, 9 The term 'fidelity' is generally used to refer to the degree of realism of a simulation. In using the term 'fidelity' in reference to equipment, low-fidelity equipment (for example neonatal resuscitation doll) is generally considered to be static and very limited in its capabilities. Moderate fidelity equipment has greater technical capability but is still relatively limited in its function. While such mannequins will provide some physiological responses, they are not able to provide extensive feedback cues, meaning the learner may not become as immersed in the simulated scenario as with high-fidelity equipment. High-fidelity modalities are considered the most realistic form of equipment, 10 and such simulators usually comprise whole body mannequins attached to a computer. The trainee is able to rely on physiological feedback received from the mannequin, similar to patient feedback in the real-life situation. It must be recognized, however, that the fidelity of the equipment can alter in response to the scenario being simulated. The proposed benefit of high-fidelity simulator (HFS) technology relates to its ability to recreate a more realistic clinical context, which may be preferable for skills training, stress exposure training and team training. However, while there is subjective opinion to support its enhanced realism, 11, 12 there are limited data examining the physiological impact of HFSs on trainees during resuscitation training.
Objectives
Primary objective. To compare the effects of LFS versus HFS technology on objective and subjective stress measures in a group of neonatal trainees.
Secondary objectives.
To compare the changes in objective and subjective stress measures during simulated resuscitation.
To examine the relationship between these subjective and objective stress measures and resuscitation performance scores.
Methods

Study design/setting
Sixteen neonatal/perinatal fellowship trainees at the University of Toronto were invited to participate in a pilot prospective observational randomized trial that involved participation in two simulated resuscitation sessions. All trainees had completed the Neonatal Resuscitation Program within 2 months and received advanced resuscitation training (for example neonatal defibrillation) 1 month before the study period. The two sessions occurred on separate days in November and December 2007, with a 1-month interval chosen to minimize crossover between the simulated events. Subjects were divided into pairs and randomized to either low-fidelity simulator (LFS) or HFS technology for completion of scenario I. After the aforementioned interval, fellow teams crossed over to complete scenario II using the alternative simulator modality. Within the teams, one person was randomly assigned the role of team leader and the other functioned in the role of assistant. These roles remained consistent across both training sessions to prevent data contamination. University of Toronto research ethics board approval was obtained and written consent was obtained from all trainees.
Pre-scenario evaluation Before the first session, baseline demographic data were obtained on all participants including age, number of years of neonatal experience, current clinical rotation and previous simulation experience. Participants were then asked to provide salivary cortisol samples 10 and 2 min before the initiation of the scenario. At these same time points, trainees were also required to assess, using a 10-point Likert scale, the perceived stress of the upcoming event along with their capacity to cope with the stressor. Using these self-assigned numerical values, the measure of subjective stress divided by the perceived coping abilities enabled calculation of the trainee's cognitive appraisal of the situation. This is an important factor in determining the individual reaction to a stressor, with levels greater than one more likely to be perceived as a threat, inciting a negative stress response. These time points were chosen to capture baseline stress levels along with anticipatory stress immediately before the scenario.
Scenario outline
Each scenario lasted 10 min and both simulation environments were similarly arranged, with an overbed warmer located in the corner of an empty classroom. The infant mannequin was placed on the overbed warmer and two facilitators, both neonatal resuscitation performance (NRP) instructors, were present in the room. The low-fidelity mannequin was capable of being intubated and having an umbilical venous catheter placed. Adequate chest rise and air entry could be discerned on bag/mask ventilation. There was no bedside monitor attached to this mannequin and vitals and other clinical signs such as mottling and cyanosis were given to the trainees, as requested, by one of the two facilitators. The HFS was a computerized full body infant mannequin attached to a monitor capable of delivering heart rate, respiratory rate, blood pressure, oxygen saturations and temperature. It was possible to intubate this mannequin and also perform cardioversion, transthoracic pacing or thoracocentesis. There was also central venous access for fluid administration. Chest rise was visible and breath sounds were audible upon initiation of bag/mask ventilation. Airway resistance could be increased to simulate changes in lung compliance, while breath sounds could be differentially altered to simulate a pneumothorax. All cues that trainees received were from the computerized mannequin as opposed to the facilitator. Trainees received an introduction to the two mannequins before the onset of the scenarios and were aware of the capabilities of each simulator. One of the two facilitators, out of view of the trainees, operated the HFS. Each simulation was videotaped using an overhead camcorder placed above the resuscitaire. The first simulated scenario took place in the delivery suite and was the case of a term infant, delivered through meconium-stained liquor and in poor condition at birth. This infant went on to develop a tension pneumothorax requiring thoracocentesis. Failure to recognize the air leak resulted in further decompensation and cardiac arrest. The technical procedure of needle thoracocentesis was not assessed. While it was possible to perform the procedure on the high-fidelity mannequin, in the case of the low-fidelity technology, it was sufficient to verbalize the procedure. The second scenario was a case of a term infant, on the postpartum ward, who developed supraventricular tachycardia. The infant was initially hemodynamically stable and trainees were expected to recognize the supraventricular tachycardia and institute appropriate vagal maneuvers and medical therapy. The high-fidelity mannequin was able to reproduce the heart rate with associated electrocardiograph changes and other vital signs, for example blood pressure, on the monitor. In the case of the low-fidelity mannequin, these findings were verbally delivered, on request, by the facilitator. After a few minutes, the scenario evolved with the infant decompensating into unstable supraventricular tachycardia. Failure to recognize this and deliver direct current cardioversion resulted in further decompensation with resultant cardiac arrest. While the highfidelity mannequin was capable of being cardioverted, in the case of the low-fidelity mannequin, trainees were expected to verbalize the steps involved in direct current cardioversion. While both simulated scenarios took place outside of the neonatal intensive care unit, transfer was possible after initial stabilization.
Scenario evaluation
Technical and non-technical team performance was evaluated using validated NRP and team performance scoring tools. 13, 14 The NRP score measured adherence to newborn resuscitation guidelines in airway and circulatory management, along with team functions such as collaboration and communication. Following discussion between three experienced neonatal resuscitation instructors, the scoring tool was modified as necessary to meet the complexity of the individual scenarios. Overall performance was then rated as a percentage of the total available marks. The anesthesia nontechnical skills (ANTS) scoring tool addressed four major domains: task management, teamwork, situation awareness and decision making. Team performance was rated from one (poor) to four (good). Scoring for each scenario was performed in real time by two experienced neonatal resuscitation instructors. These instructors comprised two respiratory therapists, one staff neonatologist and one nurse practitioner. Scores were based on overall performance as opposed to measurements at specific time points. Before the start of the study, the instructors received training and had the opportunity to practice using both validated assessment tools. They were also briefed on the scoring process for each scenario. The high-fidelity scenario was pre-programmed by an independent consultant with significant experience with HFS technology; however, the facilitator had the ability to override the programming as necessary in response to participant reactions. In order to prevent data contamination, groups only participated in the simulated scenarios on one occasion and did not receive debriefing during the actual study period.
Post-scenario evaluation
Participants were again asked to provide salivary cortisol samples at 5 and 15 min following completion of the simulated resuscitations.
The aim was to capture peak increases in cortisol, which usually occur 20 to 30 min following the onset of an acute stressor. They were also asked to assess their subjective stress and their perceived coping abilities at these same time points (Figure 1 ).
Data analysis
A convenience sample size of 16 participants was obtained to provide exploratory pilot data. All data were coded and recorded in an anonymous manner and the results did not have any impact on fellows' overall assessment process. Descriptive statistics were used for participant demographics and scenario indicators. Comparison between the two groups was made using parametric and nonparametric analysis for continuous data sets and w 2 or Fisher's exact test for categorical data. A comparison of stress measurements (both subjective and objective) over time was made between the groups using two-way repeated measures analysis of variance. Finally, univariate analysis was performed to identify any predictors of NRP score, ANTS score or buccal cortisol greater than the median value.
Results
Sixteen neonatal fellows participated, comprising 13 females and 3 males. The mean age of the participants was 35.1±3.9 years and participants had an average of 2.59 ± 1.4 years of neonatal intensive care unit experience. Only two participants had previous high-fidelity simulation experience, obtained through 'mock code' sessions and pediatric life support training, though the exact amount of this experience was unknown. Buccal cortisol increased (P ¼ 0.001) over the duration of the simulated experience from a mean baseline level of 7.4 ± 3.7 nmol l -1 to a peak of 14.9 ± 8.7 nmol l -1 after the simulated event ( Figure 2 ). The median change in cortisol over the course of the simulations was 6.28 nmol l The overall mean NRP score was 75.85% ± 10.8 and mean ANTS score was 2.86±0.50. When comparing LFS versus HFS, there was no significant difference in performance, as measured by NRP score (78.2%±11.7 versus 72.7%±9, P ¼ 0.17). There was also no significant difference in median ANTS score between LFS and HFS groups, respectively (2.87 (IQR 2.7, 3.4) versus 2.75 (IQR 2.5, 3.25), P ¼ 0.52).
Although subjective stress increased over the course of the simulated scenarios (P<0.001; Figure 3) , we identified no difference in the magnitude of stress elicited by LFS and HFS. Likewise salivary cortisol levels increased over the course of the simulated events, but there was no difference between modalities (Figure 4) .
On univariate analysis, cognitive appraisal was found to negatively correlate with the ANTS score; however, cortisol or subjective stress was not associated. There was no relationship between any trainee demographic factors or scenario type and either NRP or ANTS scores. Leadership role was the only variable found to correlate with cortisol levels (P ¼ 0.04).
Discussion
Simulation enables low risk, standardized training offering the opportunity for graded 'clinical' exposure in keeping with the level of training of the participants. The presumed benefit of highfidelity technology relates to its potential to recreate a more realistic learning environment; however, it is costly to introduce, operationalize and maintain. 1, 15 In this study, we found no difference in the level of stress elicited by the two modalities, suggesting that HFS may not be superior to traditional low-fidelity technology in recreating the stress of the real-life emergency situation. The fact that both modalities did induce a significant stress response, both subjective and objective, is important. Stress may impede performance through impaired attentional processing, 16 longer reaction time, 17 impairment of memory retrieval 18, 19 and less cooperative team behavior. 20 In other circumstances, however, stress has been shown to enhance short-term memory 21 and improve performance. 20 It is likely that the role of cognitive appraisal, the trainee's perception of the stressor and their available coping resources, determines the impact on performance. Situations perceived as threatening are more likely to elicit negative emotions while challenge appraisals are associated with more positive emotions. 20 While we demonstrated that both subjective and objective measures of stress increased over the duration of the simulated experience, we did not find any association between performance and either cortisol or subjective stress. This may be related to the High vs low fidelity simulation equipment E Finan et al level of training of our subjects, who would be expected to have had significant previous exposure and as such performance may be somewhat resilient to the effects of stress. This is supported by the cognitive appraisal values of 0.89 and 1.0, which suggest that participants viewed the stressor as being in the challenge as opposed to the threat range.
Importantly, however, we demonstrated that cognitive appraisal was negatively correlated with ANTS score, suggesting an important role for stress training in improving team behavior and nontechnical skills. Moreover, the mean ANTS score was 2.86, in the range of 'marginal' to 'acceptable', suggesting that important team behaviors are not performed well.
We found no association between demographic factors and either NRP score or ANTS score. The association between leadership role and increased buccal cortisol levels (P ¼ 0.04) is an important finding and may reflect the real-life stress experienced by resuscitation team leaders. As noted earlier, simulation may have an important role to play in resuscitation training, not only in preparing trainees in the technical skills, but also in training them to deal with the stress of emergency situations. Stress exposure training has been shown to be effective in reducing state anxiety, performance anxiety and in enhancing performance under stress, 8 along with reducing cortisol and anxiety responses to acute stressors. 22, 23 The fact that high-fidelity modalities may not confer greater stress-inducing benefits is an important consideration given the issues involved in establishing a high-fidelity simulation center. The most important factor in the success of a simulation is the suspension of disbelief 24 and a well run simulation on a lowfidelity mannequin is preferable to a poorly run scenario on HFS technology. The recreation of a realistic clinical environment is paramount and it is worthwhile to note that the fidelity of equipment may change according to the needs of the scenario. It is also important to recognize that any simulation offers the ability to practice important skills such as knowledge integration and decision making while allowing the trainee to receive feedback within a safe learning environment.
There are several limitations to this study that should be recognized. First, the small sample size and higher number of female participants are important limitations. The sample population was a convenience group selected to examine exploratory data. As this was an initial pilot study, a power calculation was not performed to elicit the necessary sample size to detect a significant difference between the two groups. Also, while data were collected in regard to previous simulation experience, we did not collect data pertaining specifically to previous team training and previous level of NRP experience aside from the certification within the preceding 2-month period. As with any study examining simulation, it is difficult to elicit the exact source of stress in these simulations. While both subjective and objective stress measures increased, it may be that fear or anxiety related to the presence of the facilitator, videotaping and the resultant performance assessment may also have played a role in this stress response. However, these stressors were common to both groups. Also, although cues were fed by the facilitators, it is possible that in the scenario using LFS, cues may have been less obvious than in the case of the HFS creating potential discrepancies between participants' understanding of the patient's underlying physiological state. Also, we did not compare the stress effect between the two scenarios although they were deemed to be of equal complexity by experts in the field. Finally, the fact that the resuscitation teams in these simulations comprised just two members, both of whom were physicians is not entirely reflective of the real-life situation and a more realistic scenario might include a larger interprofessional team.
Conclusion
In this study the use of both HFS and LFS technology resulted in increased subjective and objective stress measures. However, HFS technology did not offer additional benefit in terms of stress modification. This has important implications for centers with limited financial resources who wish to undertake simulation training. The fact that cognitive appraisal, even in this skilled group of trainees, was negatively correlated with ANTS score suggests an important role for non-technical skills and team training. In gaining more experience and thereby altering trainees' appraisal from one of threat to challenge, this may facilitate improved non-technical skills performance in the real-life setting. While novice trainees may need to focus on basic skills training, at the more advanced level of training, new educational initiatives should incorporate multidisciplinary team training focusing on the acquisition of teamwork skills. Future initiatives should also focus on studying the effects of repeated simulated resuscitation training on the stress response (subjective and objective) and its transferability to the real-life situation.
